Abstract. The repairable system is influenced not only by the depth and breadth of repair, but also by operating conditions, work intensity, mode of operation and many other factors. The failure strength of the system will change once the maintenance effect is significant. And the segmented point process model is a good choice to model this failure-repair process. Existing methods to determine change points or the model calculation are complicated. Therefore, this paper puts forward a new method of modeling change-points. Also, and the validity of this method will be exemplified through case studies.
Introduction
The repairable system refers to a system or a device that can return to the normal state through repair [1] . The reliability of the repairable system in the running process is called operation reliability [2] , which is described as failure rate or failure intensity (i.e., the number of failures within the unit time [3] ). The repairable system is influenced not only by the depth and breadth of the repair, but also by operating conditions, work intensity, mode of operation and many other factors. When an effect is significant, the failure strength will change. The point that failure intensity changes obviously, is called change point. In the failure process, the constant point process model may result in inaccurate evaluation and repair decision [4] , the segmented point process model is a rather good choice, which is first proposed and applied in the medical field. Anderson [5] analyzes the survival rate of cancer patients by the two-stage proportional hazard model, and later, proportional segmentation intensity model has been widely studied and applied in the medical field.
According to the parameter estimation in segmented point process model, Hinkley [6] gives the maximum likelihood estimation having the model parameter of the change point; Carlstein [7] discusses the non-parametric estimation of the change point. Joseph and Wolfson [8] extend the problem of the original single sequence to the problem of multiple sequences, and suggest using empirical Bayes method to estimate change points. If the failure sequence follows a Poisson process, a Poisson process model with change points will be obtained. Raftery and Akman [9] shows Bayes estimation method with one change point in Poisson process; Loschi and Cruz [10] study Bayes estimation method with many change point in Poisson process; Richardson and Basu [11] investigate Bayes estimation method with one change point in the power law process. Existing methods to determine change points or the model calculation are complicated. Therefore, we put forward a new method of modeling change points and exemplify the validity of it through case studies.
The segmented point process model of the repairable system
If there is a change point in a failure process, and the failure process completes at the point of change, this change point models every failure process with the independent failure point process model. Assume the cut-off time of the failure to observe in the system is T； indicates the times of failure within T, and ；the change point in the failure process is
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tells the change points among the failure process.
Proposed change point modeling method

Proposed method
We propose a method to fragment the failure process to determine the change point. For actual observation , we adopt the subsection linear model:
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We use the least squares method to obtain the parameters of the model, and is .
The model also needs to solve two key problems:
(1) Estimate the number of failure points and in the failure process . (2) Take the change point as a boundary, perform fit on the failure point process model, estimate the parameter.
Estimation of parameter
To the problem (2), we use the maximum likelihood method to estimate parameter. If there is only one change point, cut the failure process into two, and literature [4] gives a likelihood function with one change point.
. (4) and are the failure strength model corresponding to two failure processes; and are model parameters。 Extend formula (4) to a situation with many change points. We can derive the likelihood function of the subsection point process model with change points:
. (5) is the model parameter corresponding to section with the boundary .Here, is established for the failure of truncated sample.
If is the power law model，formula (5) can be: 
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Case 1
We can simulate some failure data as shown in Figure 2 . Applying the sequence detection method, we obtain the likelihood change in the simulation process as shown in Figure 3 .
Based on the figure above, we see that there is a change point in the simulation process, and it loses efficacy at the 10th . Further, under the method proposed in this paper, we get the change point, model parameter and AIC of the simulation data shown in table 1. Based on this chart, we see that this simulation data has a change point, which is coincident with the result tested by the sequence detection method, but compared with it, our way has less calculation. The sequence detection method needs 17 times of calculation, but this method needs only three. 
Case 2
We've collected 216 failure data of vehicle transmission from Sep. 1st, 2006 to Dec. 31st, 2009. These 22 buses run on the same line, have the same operating environment and share similar repair and maintenance. We use the proposed method to determine change points.
According to the method suggested in section 3, we hypothesize here has one and two change points in this failure process, then construct the model by applying the subsection power law point process model. The subsection is shown in table 2 and the estimated parameter and AIC in table 2. We can see in table 2: There is a change point in this failure process, which has better goodness-of-fit than non-change point, and we accept the existence of this change point. To make a comparison, we apply the sequence detection method, and observe the change of its likelihood value of the first change point shown in Figure 4 (a) and (b) show the change of its likelihood value of the second change point. In the sequence detection method, we start to calculate from the 6th failure point with the step length 5, and get the change point of the failure process , very close to the result from the proposed method. After determine the first change point, according to steps of the sequence detection method, we continue to analyze the failure process after the change point, and obtain the trend of the maximal likelihood value in Figure 4 (b), which shows no more change points. This is the same result in this paper.
According to the suggested method, 3 times of calculation are needed to determine the change points in the whole change process, yet, the sequence detection method 42 times when calculate from the 6th failure point with the step length 5, 18 times when start to calculate the 6th failure point after the first change point with the step length 5. Obviously, the method proposed in this paper needs much less calculation.
Summary
This paper presents a modeling method of change point and the inference process of the method, and illustrates the effectiveness of the proposed method with case study. Compared with the existing methods, this method has the following advantages:
(1) The calculation is far less than the existing methods; (2) Complete the reliability modeling work when determine the change point. Additionally, the determination of change point means a lot. After determine the change point in the system failure process, we can construct the failure process in different sections, and can develop repair plans well such as preventive maintenance and repair periodically. 
